We study B s → µ + µ − in the context of the R-parity violating minimal supergravity in the high tan β regime. We find that the lowest value of the branching ratio can go well below the present LHCb sensitivity and hence B s → µ + µ − can even be invisible to the LHC. We also find that the present upper bound on Br(B s → µ + µ − ) puts strong constraint on the minimal supergravity parameter space. The constraints become more severe if the upper bound is close to its standard model prediction.
Introduction
Flavor changing neutral current (FCNC) interactions serve as an important probe to test the standard model (SM) and its possible interactions. The reason is that these interactions are forbidden at the tree level within the SM and can occur only via one or more loops. Hence such processes are highly suppressed within the SM. The high statistics experiments at the Large Hadron Collier (LHC) and the Super-B factories will measure FCNC interactions with high accuracy and hence will provide tests of higher order corrections to the SM and its possible extensions.
The quark level transition b → sµ + µ − serves as an important probe to test the SM at the loop level and also constrain many of its possible extensions. The b → sµ + µ − transition is responsible for the (i) inclusive semi-leptonic decay B → X s µ + µ − , (ii) exclusive semi-leptonic decays B → (K, K * )µ + µ − , and (iii) purely leptonic decay B s → µ + µ − . Both the exclusive and inclusive semi-leptonic decays have been observed in experiments [1, 2, 3, 4, 5, 6] with a branching ratio close to their SM predictions [7, 8, 9, 10, 11, 12] .
The decay B s → µ + µ − is helicity suppressed in the SM and its branching ratio is predicted to be (3.35 ± 0.32) × 10 −9 [13, 14, 15] . This decay is yet to be observed experimentally. Recently the upper bound on its branching ratio has been improved to [16] Br(B s → µ + µ − ) < 5.8 × 10
which is still larger than an order of magnitude above its SM prediction. B s → µ + µ − will be one of the important rare B decays to be studied at the LHC. The LHCb can exclude the region between 10 −8 and the SM prediction with very little luminosity ∼ 0.5 f b −1 . It has the potential for a 3σ (5σ) observation (discovery) of the SM prediction with ∼ 2 f b −1 (∼ 6 f b −1 ) of data [17] . Hence with a sensitivity exceeding the SM prediction of Br(B s → µ + µ − ), LHCb will be able to observe both ehnancements as well as suppression in the branching ratio of B s → µ + µ − . The general purpose detectors, ATLAS and CMS can reconstruct the B s → µ + µ − signal with 3σ significance after three years of running at a luminosity of 10 33 cm −2 s −1 [18] .
As B s → µ + µ − is highly suppressed within the SM, it can serve as an important probe to test many new physics models. New physics in the form of magnetic dipole and tensor operators do not contribute to Br(B s → µ + µ − ). In [19] , it was shown that new physics in the form of vector/axial-vector operators are constrained by the present measurement of the branching ratios of the exclusive semi-leptonic decays B → (K, K * )µ + µ − and an order of magnitude enhancement in Br(B s → µ + µ − ) due to such operators is not possible. However if new physics is in the form of scalar/pseudoscalar operators then the measurement of B → K * µ + µ − fails to put any useful constraint on the new physics couplings and allows an order of magnitude or more enhancement in Br(B s → µ + µ − ). Therefore Br(B s → µ + µ − ) is sensitive to the new physics models with non standard scalar particles like the multi Higgs doublet models and supersymmetric models. This is the reason why the decay B s → µ + µ − has been studied in literature in great detail in context of multi-Higgs doublet models as well as supersymmetry (SUSY) [20] - [42] . SUSY is among the leading candidates for the extensions of the SM. This besides providing a natural solution to electroweak hierarchy problem counts upon many interesting features such as suppression of flavor changing neutral current, provides a candidate for cold dark matter, common ingredient to superstrings/Mtheory etc. Because of the broken nature of SUSY, it is yet to be observed in experiments.
In this paper we study B s → µ + µ − in the context of R-parity violating (RPV) minimal supergravity (mSugra) framework for large tan β. Though B s → µ + µ − has been studied in RPV supersymmetry in [37, 38, 39] , these studies focus only on the contributions due to RPV terms only. Here, we present the contribution due to the two Higgs doublet and R-parity conserving (RPC) terms along with RPV terms and study the enhancement as well as suppression of Br(B s → µ + µ − ) as compared to its SM prediction. We also study the constrains on the mSugra parameter space coming from the present upper bound on the branching ratio of B s → µ + µ − . In addition, we also see how the constraints change if the upper bound on Br(B s → µ + µ − ) is brought down to a value close to its SM prediction.
The paper is organized as follows. In Sec. 2, we discuss B s → µ + µ − in the effective theory. In Sec. 3, we present the theoretical expressions for the branching ratio of B s → µ + µ − in the RPV mSugra. In Sec. 4, we discuss our results. Finally in Sec. 5, we present our conclusions. 
where R P , R S and R A are the strengths of the scalar, pseudoscalar and axial vector operators respectively. R A in eq. (2) is the sum of SM and new physics contributions. Here we assume R A ≃ R SM A . In SM, the scalar and pseudoscalar couplings R SM S and R SM P receive contributions from the penguin diagrams with physical and unphysical neutral scalar exchange and are highly suppressed:
The calculation of the branching ratio gives [44] 
where
Here τ Bs is the lifetime of B s .
in the R-parity violating mSugra
To begin with, the MSSM superpotential, written in terms of the Higgs, quark and lepton superfields, is given by
where L, Q are the left-chiral lepton and quark superfields respectively and E, U, D are the right-chiral lepton, up-type and down-type quark superfields respectively and H d and H u are respectively the Higgs superfileds. i, j are family indices. Y 's denote the Yukawa matrices and µ is the Higgsino mass parameter. Now, if R = (−) (3B+L+2S) is not conserved, the superpotential admits of the following additional terms [45] :
where the terms proportional to λ ijk , λ In case of exact SUSY, masses of superparticles are the same as their SM counterpart. Now, since no superparticle has been observed till date in experiments, which means SUSY must be broken in masses. SUSY breaking in masses can be achieved by the introduction of soft mass-terms corresponding to each superparticles. Thus in SUSY we have a large number of free parameters (∼ 150). In a mSugra framework, where same spin particles share a common (soft) mass at a high scale (Λ ∼ 10 16 GeV ), the whole SUSY spectrum can be described in terms of five (5) free parameters at high scale Λ. These are as follows
• A universal scalar mass, m 0
• A universal fermion mass, m 1/2
• A universal trilinear coupling, A
• tan β =< H d > / < H u >, the ratio of vaccum expectation value (vev) of the down and up type Higgses, and
• sgn(µ), sign of the Higgsino mass parameter.
We now compute R S and R P , the Wilson coefficients of the scalar and pseudoscalar operators, in the b → sµ + µ − transition, within the context of RPV mSugra. We focus on the large tan β scenario (tan β > 30). There are three contributions to the R S and R P : (i) Contribution from the Higgs sector, (ii) Contribution from the RPC sector and, (iii) Contribution from the RPV sector.
Contribution from the Higgs sector
In SUSY, up-type quarks couple to one Higgs doublet (H u ) while the down-type quarks couple to the other Higgs doublet (H d ) which is the same as the type II-two Higgs doublet model (2HDM).
Retaining only leading terms in tan β (which is a valid approximation for tan β > 30), the Higgs contribution to R S and R P is given by [33] 
Contribution from the RPC sector
We consider a scenario with minimal flavour violation, i.e. we assume flavour-diagonal sfermion mass matrices, the contributing SUSY diagrams, in addition to those contributing to 2HDM, consist only of the two chargino states. The RPC contribution to R S and R P is given by [33] R
The mass ratios are defined as
withν k ,ũ a , andχ ± i denoting sneutrinos, up-type squarks, and charginos. The ratio of CKM factors λ mn ≡ V mb V * ns /V tb V * ts , and the functions D 1,2,3 are listed in Appendix A of ref. [33] .
Contribution from the RPV sector
The RPV contribution to R S and R P is given by [46, 47] 
Here q ′ = s and β = µ. f Bs = (259 ± 27) MeV [48] 
Numerical Analysis and Results
We have already seen in section 2, the low energy SUSY mass spectrum can be fully obtained by specifying the mSugra parameter set {m 0 , m 1/2 , A, sgn(µ) and tan β} at the high scale once R-parity is conserved. In order to generate low energy SUSY mass spectrum, we use Suspect2.0 [50] . Ranges of various High scale mSugra parameters used our analysis are summarized in Table 2 . Finally for the sake of simplicity, in case of RPV-Sugra, we assume λ ijk = λ and λ ′ ijk = λ ′ and λ ′′ ijk = λ ′′ at the electroweak scale.
While scanning the parameter space we have taken into account upper bound on the supersymmetric contribution to the ρ-parameter [51, 52, 53, 54, 55, 56] , anomalous magnetic moment of the muons [57, 58, 59, 60] , bounds on b → sγ branching fraction [49, 61, 62, 63, 64] and LEP bounds on the Lightest neutral Higgs mass and superparticle masses [49, 65] .
Further constraints has been employed in case of RPC Sugra in order to avoid charged lightest superparticle (LSP) as here, unlike RPV case, the LSP has be to stable as a consequence of R-parity conservation. Finally, in order to respect existing bounds on the products in RPV couplings from earlier analysis [45, 66, 67, 68] , we use |λ.λ ′ | < 10 −5 . It is to be noted that the products involving λ ′′ will not affect our analysis. This is simply because pure baryon number violating terms does not contribute to the B s → µ + µ − branching ratio.
Predictions for
The possible values of Br(B s → µ + µ − ) in the RPV mSugra as a function of m H ± and |λλ ′ | are shown in Figure 1 and 2 respectively. It is obvious from the Figure that the branching ratio of B s → µ + µ − in the RPC mSugra can be enhanced by more than an order of magnitude above its SM expectation. In that case B s → µ + µ − can even be observed at the tevatron. On the other hand, Br(B s → µ + µ − ) can also be suppressed to a value as low as 2 × 10
for µ > 0 (3 × 10 −10 for µ < 0 ) which is well below the present LHCb sensitivity for B s → µ + µ − . In such a situation B s → µ + µ − can be invisible to the LHC. The possibility of invisibility of B s → µ + µ − at the LHC due to new physics scalar/pseudoscalar operators was first pointed out in the ref. [44] whereas in [41] it was shown that in the minimal supersymmetric standard model, Br(B s → µ + µ − ) can go well below the SM predictions in the low tan β regime (tan β < 10).
Thus we see that even in the large tan β regime, the lowest value of Br(B s → µ + µ − ) in the RPV mSugra can go several orders of magnitude below the present LHCb sensitivity. Hence B s → µ + µ − can even be invisible to the LHC.
Constraints on the RPV mSugra parameter space from the upper bound on Br(B
We now study the constraints imposed on the RPV mSugra parameter space from the upper bound on B s → µ + µ − . In the limit |λ.λ ′ | → 0, which is the case of RPC mSugra, we find our results consistent with previous works in literature [29, 32, 34, 35, 40] . Hence we discuss constraints on RPV mSugra parameter space only. , which is the LHCb sensitivity for Br(B s → µ + µ − ), a large (m 0 , m 1/2 ) parameter space is ruled out. In this case all parameter space in the region m 0 ∼ < 900 GeV and m 1/2 ∼ < 600 GeV is ruled out.
The constraints on the RPV plane for µ < 0 is shown in Figure 4 . We see that in this case the upper bound on the branching ratio of B s → µ + µ − puts more stringent constraint on (m 0 , m 1/2 ) plane as compared to the case when µ > 0. It can be seen from the Figure  4a that the present upper bound on Br(B s → µ + µ − ) rules out all parameter space for m 0 ∼ < 1000 GeV. All parameter space above m 1/2 ∼ > 1100 GeV is also ruled out. For the upper bound on Br(B s → µ + µ − ) close to the SM prediction, almost all parameter is ruled out.
The constraints on the allowed RPV (A − m 0 ) plane for µ > 0 and µ < 0 are shown in Figure 5 and 6 respectively. For µ > 0 , the present upper bound on the branching ratio of B s → µ + µ − fails to put any useful constraint on the RPV (A − m 0 ) plane whereas for µ < 0 all parameter space for m 0 ∼ < 1000 GeV is ruled out. If the upper bound on Br(B s → µ + µ − ) is improved to a value close to its SM prediction, the constraints on (A − m 0 ) plane for µ > 0 remains almost the same whereas for µ < 0, almost all parameter space is ruled out. Figure 9 shows the allowed (m H ± − tan β) parameter space in the RPV mSugra for µ > 0. We see that the present upper bound on the branching ratio of B s → µ + µ − puts a useful constraint on the (m H ± − tan β) parameter space. The constraints of RPV Sugra parameter space becomes slightly weaker in comparison to that of R-parity conserving case is due to additional (RPV) parameters. The constraints are severe if the upper bound on Br(B s → µ + µ − ) is close to the LHCb sensitivity. In this case all (m H ± − tan β) parameter space is ruled out for tan β ∼ > 50. If µ < 0, then it can seen from the Figure 10 that for the present upper bound on Br(B s → µ + µ − ), whole (m H ± − tan β) parameter space for tan β ∼ > 45 is ruled out. For Br(B s → µ + µ − ) close the SM prediction, almost all (m H ± − tan β) parameter space is ruled out.
We noted that µ < 0 is strongly constraint as compared to that of µ > 0. This is due to the fact that contribution due to threshold correction depends on sign(µ) [42] . For µ < 0 the Higgs mass gets negative contribution due to the threshold corrections, thus making it inconsistent with the existing bound on the charged Higgs Mass in most of the µ < 0 region. We therefore observe relatively much smaller allowed parameter space for µ < 0 (see the Figures 9 and 10).
Conclusions
In this paper we study the decay B s → µ + µ − in context of the RPV mSugra in the high tan β regime. In a mininal flavour violating scenario, we consider contribution from the two Higgs doublet and the RPC terms along with the RPV terms. The results may be summarized as follows:
We show that even in the case of large tan β, the lowest possible value of the branching ratio of B s → µ + µ − in the RPV mSugra can go several orders of magnitude below the present LHCb sensitivity, and hence B s → µ + µ − may be invisible to the LHC.
We find that the present upper bound on Br(B s → µ + µ − ) puts strong constraint on the µ < 0 mSugra parameter space. Almost whole RPV mSugra parameter space, except for a few points below tan β = 50 becomes disfavored. Once the constraint on B s → µ + µ − are brought down to a value close to the projected LHCb sensitivity, there is hardly any allowed region. For µ > 0, constraints are relatively weaker. [7] A. Ali, E. Lunghi, C. Greub and G. Hiller, "Improved model-independent analysis of semileptonic and radiative rare B decays", Phys. Rev. D 66, 034002 (2002) [arXiv:hep-ph/0112300].
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